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[57] ABSTRACT 

A method of inhibiting human immunodeficiency virus 
(HIV) comprising administering a therapeutically effec- 
tive amount of an antiviral agent to attack the first splice 
acceptor site of the tat III gene of HIV. 

5 Calms, 2 Drawing Sheets 
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tion of the RNA in a reticulocyte cell-free system. Her- 

OLIGONUCLEOTIDE PHOSPHONATES AND pes simplex type I virus has also been selectively inhib- 

METHOD OF INHIBITING A HUMAN ited using an antisense OMP targeted to its regulatory 

IMMUNODEFICIENCY VIRUS IN VITRO immediate early gene resulting in 99% reduction in 

UTILIZING SAID OLIGONUCLEOTIDE 5 infectious virus and a 75% reduction in viral DNA 

PHOSPHONATES synthesis. Smith, C C, et al., Biochemistry 83: 

2787-2791 (1986). 

This invention was made with government support 

under Grant No. U01 CA34991 awarded by the Na- SUMMARY OF THE INVENTION 

tional Institutes of Health. The government has certain 10 I n general, the invention features a method of inhibit- 

rights in the invention. i n g human immunodeficiency virus comprising admin- 

BACKGROUND OF THE INVENTION ist , erin * 8 ^rapeulically effective amount of an antivi- 

ral agent to attack the first splice acceptor site of the tat 

This invention relates to a method of treating Ac- m gen e of HIV which site has the sequence 5' . . . 

quired Immune Deficiency Syndrome (AIDS) in hu- 15 AGAAUUGG ... 3', 

mans using antisense oligodeoxynucleoside" methyl- j n preferred embodiments, the antiviral agent is an 

phosphonates. oligodeoxyribonucleoside methylphosphonate comple- 

It is known that organisms have exploited a wide mentary to the first splice acceptor site of the tat III 

variety of mechanisms for regulating gene expression. ge ne having the sequence 3 « TCTTAACC 5'. 

Green, P. J., et al. ( Ann. Rev. Biochem 55; 569-597 20 other advantages and features of the invention will 

(1986) reported that naturally occurring regulatory be apparent from the following description of the pre- 

genes direct the synthesis of RNA which can directly ferred embodiments thereof, and from the claims, 
control gene expression. The term "antisense RNA" has 

been coined to describe this regulatory RNA. Antisense DESCRIPTION OF THE FIGURES 

RNA is complementary to and therefore can form base 25 HG. 1 is a graph showing the inhibition of HIV by 

pairs with a specific mRNA. The naturally occurring an tisense oligodeoxyribonucleoside methylphosphon- 

antisense RNA discovered to date has been in bacterial ates 

systems. The discovery of this natural phenomenon has FIG. 2 is a photographic exposure showing the re- 
led to the exploitation of antisense RNA and DNA to su|ts D f amplification and detection with probes of HIV 
inhibit the expression of a wide variety of gene products 30 RNAs trcated with oligodeoxyribonucleoside methyl- 
by interference with activities such as pre-mRNA splic- phosphonates. 
ing, mRNA transport to the cytoplasm, and translation 

of the mRNA itself, Of particular interest is the use of DESCRIPTION OF THE PREFERRED 
nucleic acid sequences complementary to viral gene EMBODIMENT 
targets in the human immunodeficiency virus (HIV) or 35 According to the present invention OMPs modeled 
human T-lymphotropic virus (HTLV-III/LAV), the M HIV antisense m synthesized. Since viral ribonu- 
^^i^Jt&^h** ** MM. 36. 545-562 (1985); cleic acid sequences are subject to much greater varia- 
Wong-Staai, F. and Gaiio. R. c, Nature 317, 395-403 <1985>. Rabson, tion due to mutation, it is necessary to choose a viral 
a. B. and Manin, M. a. Cell 40. 47M80 <1985). sequence in which the variation is expected to be mini- 
It is known that HIV, a retrovirus, infects T-lym- 40 ^ Focusing on functional sequences of a gene (splice 
phocytes by recognizing the T4 antigen,^ and that sites> reverse transcriptase (RT) priming site) and corn- 
brain cells and macrophages are also targets for the paring the available sequence information for sequences 
viral infection.*' The viral sequence of HIV has been m common minimizes the variation problem, 
determined to inolude genes for the structural proteins 

of the virus which are designated gag, pol, and env. 45 SYNTHESIS OF OMPs MODELED AS HIV 

These genes are bounded by the long terminal repeats ANTISENSE 

(LTRs). There are also accessory genes in the HIV In this one of the trans-activator genes (tat 

genome which are involved in controlling virus replica- m) of HIV was choscn as thc gcnc Qn which an an . 

tion, including at least three genes which code for trans- tisense OMp was moddcd , ^ tot in gcn e has been 

50 V h0 ™ t0 P. 1 ** a ****** regulation of expression of 

ai., Ceil 47, 333-348 (1986); McDougai, J. s.. « aU J. Immunol 135. the other viral genes. 3 ' The tat protein positively regu- 

W£2£ffit.4.Am*~ 1. 447-434 (1985); Ho, D. D., ei al., Uto vtal gene expression by an enhancement of the 

iv. ing. J. Mtd/m. 1498-150* (1985); Koenig. S.. et al.. Sana m translation efficiency of virus-specific mRNA species. 

1089-1093 (1986); Levy, J. A., el al.. Lancet 11, 586-588 (1085); Sharer, -j^S effect of the tat protein requires that the TAR 

hLntm-Tgwi "• 27, ~ M4 ( " M): ' " sequences mapping within the R region of the LTR be 

4/ Sodrosw, J., et ai„ Nann 321, 412-417 (i986h Rosen, c a., et at. located at or near the 5' terminus of the mRNA. The tat 

Nature 319. 555-559 (1986); Rschmger, P. J. and Bolognesi, D. P. in . . c >,riwn tn wential fnr vim* replication 

AIDS <ed. DeVita, Jr., V. T„ Helman, S. and Rosenberg. S. A.) 55-58 g« n « nas x>een snown to De essential lor VITUS replication 

(Lippincott Co., Philadelphia, Pa., 1985). in T4+ CEO lines. 

^?irf°s deoxyri, 7 5nucl v side , ^w^tT" 6o LS^S^^ 

(OMPs) are nucloc acid analogs in which a 3-5 me- According t0 tne present invention an 8 base OMP 

thylphospbonate linkage replaces the phosphod.ester lementar ^ to the fim Uce acce tor site of this 

hnkage found in naturally occurring nucleic acids. " ^ ^ ^ ^ m mUmv ^ 

OMPs maintain the selectivity of complementap- pair- g ^ QMp , mvemioll attacks ^ splice 

■ng eih.bited by standard ohgodeoxynbonudeotides fiJ accqjtor site t0 bloc F k ^ spUcing of ^ rna produc , 

and can be used as antisense agents Miller, P. S-, et al„ ^ ^ innibit Wral re lica . 

B,och,m,e 67; 769-776 (198$) have shown that oligonu- ^ ^ nce . $ m tw0 difTer . 

cleos.de methylphosphonates compkmentary to van- H , v ^ and 7 herefore if lhe antisense sequence 
ous regions of the rabbit globin mRNA inhibit transla- 
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is effective as an antiviral, it should be effective against made by enumeration of giant infected cells. These 

a wide variety, if not all HIV strains. As a control, a methods are further described in copending application 

second OMP was made which has the same sequence as Ser. No. 032,272 filed Jun. 3, 1987. 

the splice signal, and thus is termed a "sense OMP". The development of multinucleated cells (CPE), RT 
The antisense OMP is referred to as OMP-A and the 5 activity, p24 (an HIV antigen), and viral RNA was 

sense OMP is referred to as OMP-C. inhibited by a single exposure to OMP-A, but not OMP- 

Below is shown the portion of the RNA sequence of C. In chronically HIV-infected cells, OMP-A treatment 

the first splice acceptor site of the tat III gene (5'. . . inhibited RT activity. Neither of the OMPs induced any 

AGAAUUGG. . . 3'). cellular toxicity in uninfected H9 cells. 

splice acceptor site 

5850 CCAUUUUCAGAAUUGGGUGUCGACAUAGCAGAAUAGGCGUUACUCGACAG 5850 
(5') 0') 

OMP-A 3TCTTAACC 5' antisense 
OMP-C S'AGAATTGG 3' sense 

The OMPs used in accordance with the present in- 
vention were synthesized from methylphosphonami- 

dites using a solid phase reaction and were purified by As shown in FIG. 1, CPE was inhibited by OMP-A, 

ion exchange chromatography as is known in the art. 20 the antisense construct, even at concentrations as low as 

In general, short OMPs (8-15 bases in length) com- 1 ^M, but the most dramatic reduction in giant cell 

plementary to different regions of the HIV genome can formation required 100 fiM OMP-A. By days 8-1 1 after 

be synthesized and tested to determine which other treatment, the inhibitory effect of the drug was lost. As 

target sites in HIV are critical for expression of viral shown in Table I below, the control OMP-C produced 

genes and viral replication and therefore susceptible to 25 no inhibition of CPE. Treatment of the cells with 

attack by antisense inhibition sequences. OMP-C only minimally (< 10%) inhibited RT. Because 

Other target sites that will be attacked by antisense the H9 cells were exposed to the OMP for only one 

oligodeoxynucleotides and oligodeoxynucleoside hour, it is not unexpected that the antiviral effect was 

agents can be determined based upon the published transient, 

sequences and biological studies of HIV. Examples of 30 TABLE I 
other target sites are the splice donor sites centered near 
nucleotides 287 and 5625, and the splice acceptor sites 
centered near nucleotide 5358 and nucleotide 7956, all 
of which can be used as models for antisense oligos to 
inhibit tat III splicing. See, Arya, S. K., et al., Science 35 

229: 69-73 (1 985). As a further example, Sodroski, J., et 

al., Nature 321: 412-417 (1986) discuss the ART gene "omp-a = 3* ccaattct y targeted io nm tat ui splice site, 

(anti-repression trans-activator) product as another im- y omp-c - jgottaaoa y is the control -sense- sequence rw this site, 

x J . , . r- " Antiviral potency is expressed as the OMP concern ration it which 50% inhibition 

portant regulatory product necessary for protein of^^wgiM, alitor™^ 
mRNAs. Antisense oligos complementary to the splice 40 stents, 
donor site in the vicinity of position 5625 and the splice 

acceptor site centered at nucleotide 7956 also can be A modified polymerase chain reaction amplification 
made in accordance with the present invention. assay was also used in accordance with the present 

Oligos complementary to the tRNA priming site and invention to determine the effect of the OMP treatment 
regions 5' of this site have some inhibitory activity ac- 45 on viral RNA synthesis. Details of this amplification 
cording to Zamecnik, P., et al., PNAS USA 83: procedure are disclosed in copending application Ser. 
4143-4146 (1986). In order for complementary OMPs to No. 941,379, filed Dec. 15, 1986 with the exception that 
be effective inhibitors, it is necessary to modify the 3' a modified version of the HIV 3'ORF region is con- 
nucleotide of oligodeoxyribonucleotides so that it can- structed such that the sequences between the two 
not serve as a primer by treatment with RNA ligase and 50 primer sites are altered in length and composition. Such 
pep to generate a 3' phosphate terminus, or by using a a modification allows for a control RNA or DNA tem- 
dideoxy nucleoside at the 3' position in the oligo synthe- plate of fixed concentration to be made which is in- 
sis. The sequence of this oligo is complementary to the eluded with the experimental RNA or DNA samples, 
sequence centered at position 190 in the viral RNA The probe for identifying this altered sequence is differ- 
sequence, which is the site of the tRNA priming activ- 55 ent from that used for the HIV samples, thereby en- 
j t y. abling differentiation of the template amplification from 

~-r-,~*T the HIV sequence amplification. The amount of the 

INHIBITION OF PRIMARY HIV INFECTION ^ XeTcd temp i ate remains constant thereby enabling one 
WITH OMPs to determine the ratio of amplification of the altered 

H9 human lymphoid cells were polybrene-treated, 60 template versus the authentic HIV templates, 
incubated with varying concentrations of OMP for one Briefly, to perform the amplification assay, two con- 
hour, washed, and then infected with HIV (strain verging oligonucleotide primers, oriented in opposite 
HTLV-IIIj, 0.01 reverse transcriptase (RT) units per directions, were added to RNA isolated from infected 
10 6 cells). The antiviral observations were based on H9 cells on day 6 after HIV infection. Using RT, DNA 
induction of syncytial giant cell formation (cytopatho- 65 amplification of the bracketed RNA site was performed 
genie effect (CPE)) and RT activity. Syncytial giant with 6 cycles of transcription and then, using DNA 
cell formation was apparent within 3-4 days and peaked polymerase I, was amplified in 14 additional cycles of 
on day 7 post infection. Quantitation of viral CPE was transcription. Detection of this amplified DNA was 
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performed by Southern blot analysis using as a probe a 
third synthetic oligonucleotide complementary to a 
region within the amplified segment. Using this tech- 
nique, as few as 100 molecules of RNA can be detected. 

OMP-A greatly reduced the amount of RNA detecti- 
ble in infected cells as seen in the assay results of FIG. 
2. To obtain the results in FIG. 2, the OMP-A and 
OMP-C OMPs were added to cells as described above, 
RNA was derived from cells incubated 6 days post 
treatment. The lanes shown in FIG. 2 are as follows: A, 
in vitro transcript of amplified region with 10- 7 pmoles 
of input RNA; B, control sample from HIV infected 
cells treated with a 100 jiM concentration of a non- 
specific OMP complementary to HSV I (herpes simplex 
virus I) sequences; C and D, positive controls from cells 
infected with HIV in the absence of OMP treatment; E, 
sample from HIV infected cells pretreated with OMP- 
C, the sense sequence; F, sample from HIV infected 
cells pretreated with OMP-A* the antisense sequence. 
For each reaction involving HIV infected cells, 1 ugm 
of total cellular RNA was used for the amplification. 
After the amplified DNA were subjected to gel electro- 
phoresis, blotted to a nylon filter membrane, and hy- 
bridized to detection probes, the filter was exposed to 
x-ray film for 12 hours to obtain the exposure of FIG. 2. 

CENTRAL NERVOUS SYSTEM AXONAL 
TRANSPORT OF ANTI-VIRAL 
OLIGONUCLEOTIDES 

It is known that subacute encephalitis from HIV 
infection of the central nervous system (CNS) is com- 
mon in AIDS, occurring in about one-third of autopsied 
cases. Another aspect of the present invention is the use 
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of antisense oligonucleotides to the tat III gene as de- 
scribed above to inhibit HIV replication in established 
CNS cell lines which have been shown to be permissive 
for HIV replication. Such CNS cell lines are reported 

5 by Cheng-Mayer, et al„ PNAS USA 84: 3526 (1987). 
The axonal transport or other delivery of antisense 
oligonucleotides such as the 8 base OMP described 
above is increased by modifications of the oligonucleo- 
tides designed to increase the uptake and transport such 

10 as addition of a polylysine residue covalently conju- 
gated at the 3' end of the oligodeoxynucleotides and 
coupling oligodeoxynucleotides to a carrier protein that 
is efficiently transported. 
We claim: 

IS 1. An oligodeoxyribonucleoside methylphosphonate 
with the sequence 3' TCTTAACC 5'. 

2. A purified synthetic oligodeoxynucleotide methyl- 
phosphonate consisting essentially of the sequence 3' 
TCTTAACC 5'. 

20 3. A purified synthetic oligodeoxynucleotide methyl- 
phosphonate as defined by claim 2 which is 8-15 bases 
in length. 

4. A method for inhibiting in vitro the formation of 
syncytial giant cells in HIV infected H-9 human lym- 

25 phoid cells which comprises exposing said infected cells 
to an oligodeoxyribonucleoside methylphosphonate 
sequence complementary to the first splice acceptor site 
of the TAT III gene of the HIV with which said H-9 
human lymphoid cells are infected. 

30 5. A method as defined by claim 4 in which the HIV 
with which said H-9 human lymphoid cells are infected 
is strain HTLV-IIIB. 

♦ ♦ * ♦ * 
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